ANNALS 


ui TIEF UNIVERSITY OË 
STELLENBOSCH 


Edited by 
PROF. H. B. THOM 


Co-editors: 
PROF. €. A. DU TOIT, PROF. W. H. VAN DER MERWE 
and PROF. R. W. WILCOCKS 


Volume XXVIL Section A, Nos. 1—S5 (1951) 


CONTENTS 
Page 
1. Contributions to the Cranial Morphology of the Chamaeleon Microsaura 
pumila Daudin sp it sp dy sy Fo 3 
By D. van Z. Engelbrecht, 
2. Contributions to the Cranial oi Ad of ar PRE, 
Giinther 33 
By G. H. Frank. 
3. Nuwe Gegewens aangaande die Ontogenese van die Neuskliere, die 
Orgaan van Jacobson en die Dekbene van die Skedel by die Genus Anas 69 
Deur F. J. Grewe. 
4. Die ,Musculus Orbitoguadratus” en Constrictor 1 — Derivate van die 
Pikkewyn # s # gek es Ee; sa so 101 
Deur F. X. Prins. 
5. The Cranial Anatomy of the South African Geckoes need 
rangei (Andersson), and Oedura karroica (Hewitt) ss 131 
By M. Webb. 


Price 15/- 


MG 


se | he 
N Ds VAR LE MEDE # 
i . ae) ag, nt 7. 
ka EE EE EE 
id” ese BRA ies 


b 


PER ER AR 
FAR E j Ee Ere j 


ANNALS OF THE UNIVERSITY 
OF STELLENBOSCH 


Volume XXVIL Section A, No. 1 (1951) 


CONTRIBUTIONS TO THE CRANIAL MORPHOLOGY 
of the Chamaeleon 
MICROSAURA PUMILA 
Daudin 


by 
D. van Z. ENGELBRECHT, M.Sc. 
Zoological Institute, University of Stellenbosch 


With 13 Text-figures 
Submitted: September 1950 


ABSTRACT 


The peculiarities presented by the skull of Microsaura pumila can be correlated 
with the feeding habits and the enlargement of the eyes. The degree of reduction 
of the cranial wall in the orbital region approaches the condition in burrowing lizards. 
Complete loss of kinetism is the result of the mode of feeding. 'The sound-conducting 
apparatus is reduced and the tympanic cavity and Eustachian tube absent. An 
organ of Jacobson is present. 
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HISTORICAL INTRODUCTION 


The history of the classification of the Chamaeleontidae has been summarized 
by Malan (1945), and her investigations on the nasal capsule in Microsaura pumila 
and Chamaeleo bitaeniatus hêhnelii clearly showed their relationships with the rest 
of the Ascalabota, and confirmed the views of Camp (1923), Broom (1925) and Brock 
(1941) that they are a branch of a pro-agamid-iguanid ancestor. 

W. K. Parker (1881) published the first monograph on the chamaeleon skull 
taking as examples Chamaeleo vulgaris and Chamaeleo (Microsaura) pumilus. 
Methuen and Hewitt (1913) gave a short comparative description of the membrane 
bones in various species. 

The nasal capsule has been the object of numerous investigations. In this 
connexion we find Solger (1876) and Born (1879) for several species of Chamaeleo, 
Haas (1937) for Chamaeleo chamaeleon, Brock (1941) for Microsaura (Lophosaura) 
ventralis and Malan (1945) for Microsaura pumila. 

The generic name of the small South African viviparous chamaeleons, to-day 
grouped under the genus Microsaura, has been changed several times in the past, 
as the accumulation of knowledge necessitated. 

Daudin (1802)* and Dumeril and Bibron (1836)* included it in the genus 
Chamaeleo. Gray (1864)* introduced the genus Lophosaura for the pumilus group 
of the genus Chamaeleo. Boulenger (1887)* used Daudim's original name and so 
did Werner in “Das 'Tierreich” (1911). Methuen and Hewitt (1913), Broom 
(1925) and Power (1925) accepted Gray's generic name Lophosaura, for the pumilus 
group. Fitzimons, in “* The Lizards of South Africa ” (1943), pointed out that a 
group of South American lizards had been given the name of Lophosaura by Gray 
in 1852, that is twelve years before he proposed it for the South African pumilus 
group, and that the former has priority to the name. He therefore introduced the 
genus Microsaura which Gray (1864) originally gave to the species melanocephala 
which is now included in this group. 


*Not seen in the original. 
MATERIAL AND TECHNIOUE 


The head of an adult specimen of Microsaura pumila microtomised by Prof. 
de Villiers, was used for this investigation. 'The material was bulkstained in 
haemalum and the section counterstained in van Gieson's solution. Section drawings, 
made with a microprojection apparatus were used to reconstruct various aspects 
of the chondrocranium and dermal bones by Pusey's method of reconstruction. A 
wax-plate model of the chondrocranium greatly facilitated the study of the skull. 


NASAL CAPSULES 


The cartilaginous nasal capsule of Microsaura pumila differs considerably 
from that of the normal Lacertilian type, as described for Lacerta agilis by Gaupp 
(1900). The most conspicuous characteristics of the nasal capsule are : the complete- 
ness of the roof and side walls, the angle that it forms with the orbital region, the 
position of the organ Jacobson, the absence of the concha nasalis and the paraseptal 
Cartilages. 


"The cupulae anteriores roofing the anterior part of the nasal cavities, are well 
developed. Medially they are fused to a broad cartilaginous plate roofing the organ 
of Jacobson. 'The foramen apicale through which the ramus medialis of the 
ethmoidal nerve emerges on the nasal capsule, is situated far back (Fig. 1) just behind 
Jacobsom's organ, and not as in Lacerta on the anterior surface of the capsule. This 
foramen indicates the line of fusion between the cupula anterior and the cartilage 
roofing Jacobsom's organ in front of the foramen apicale (Malan, 1945). 

The lateral edge of the cupula anterior forms the anterior border of the fenestra 
narina. 'The processus alaris inferior is well developed and projects into the fenestra 
narina from the antero-dorsal border. The processus alaris superior is situated 
right at the posterior end of the fenestra narina and its ventral edge is apparently 
fused to the lamina transversalis anterior. 

The posterior part of the foor is formed by the broad parietotectal cartilages 
Medially each cartilage merges into the nasal septum and laterally its anterior part. 
bends down to fuse with the lamina transversalis anterior. 

Posteriorly the wall of the capsule is formed by a small planum antorbitale 
fused to the posterior end of the parietotectal dorsally, and medially to the nasal 
septum. As a result of the large eyes the posterior part of the nasal capsule has 
been pushed forwards, so that the planum supraseptale is fused to the posterior 
border of the parietotectal cartilage. 'The sphenethmoidal commissure has become 
completely obliterated in the process. 

A shallow transverse groove, filled by the glandula nasalis lateralis, indicates 
where the planum supraseptale lies over the parietotectal. 'The duct of the gland 
enters the nasal cavity through a foramen lying in the same transverse line laterally 
to the reduced foramen olfactorium (Fig. 1). 

An orbitonasal canal is formed between the planum antorbitale ventrally, the 
nasal septum medially and the planum supraseptale dorsally. 'The ramus ethmoidalis 
of the trigeminal nerve enters this canal medially to the anterior part of the obliguus 
superior eye-muscle. In the canal it divides into two branches, which emerge through 
the same foramen on the dorsal surface of the capsule. 'The ramus lateralis nasi 
runs laterally to supply the lateral nasal gland, while the ramus medialis nasi enters 
the nasal capsule through a small foramen anterior to the one mentioned above. 'This 
foramen Malan (1945) homologized with the fissura orbitonasalis. 

On the left side in the series of sections, a part of the ethmoidal nerve branches 
off before the latter enters the orbitonasal canal. 'This branch runs lateral to the 
side-wall of the capsule and joins the ramus lateralis nasi of that side to innervate the 
lateral nasal gland. 

Seen from the ventral side the floor of the nasal capsule is very incomplete, since 
the paraseptal cartilages are absent in the adult. Ina 5:4 cm. embryo a rudimentary 
procartilaginous paraseptal occurs medially to each organ of Jacobson (Malan, 1945). 
Brock (1941) could find no traces of paraseptals in the ontogeny of Microsaura 
ventralis. Haas (1937) described a paraseptal for Chamaeleo chamaeleo, but Brock 
(1941) identified his paraseptal as a part of the lamina transversalis anterior. 

The lamina transveraslis anterior consists of an' anterior vertical plate between 
the anterior borders of the cupulae anteriores and two plates extending backwards 
from its ventral edge. (Fig. 2). 'These lie laterally to the nasal septum and run 
horizontally outwards to fuse with the anterior ventral end of the parietotectal 
cartilage on each side, closing the zona annularis ventrally (Gaupp, 1900). 'The 
cartilago ectochoanalis projects backwards from the lamina transversalis anterior. 
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BOC 
Figure | 
Graphic reconstruction of chondrocranium X approx. 11. Dorsal view. 
BOC., basioccipital; CA., cupula anterior; FA., foramen apicale; FAB., foramen for abducens 
nerve; FACC, foramen for arteria carotis cerebralis; FBAS., fenestra basicranialis posterior; 
FDLN., foramen for duct of lateral nasal gland; FEN., foramen endolymphaticum; FFA., foramen 
faciale; FOLF., fenestra olfactoria: FRM., foramen ramus medialis; FS., fossa subarcuata; LTA,, 
lamina transversalis anterior; ORBNC., orbitonasal canal; PAC., pila accessoria; PANT., pila 
antotica; PAT., processus anterior tecti; PBPT., processus basipterygoideus; PLSUP., planum 
supraseptale:; PM., pila metoptica; PMA., processus maxillaris anterior; PMP., processus maxillaris 
posterior; PPA., processus paroticus (intercalary); POUA., “ pedicle ” of guadrate; SI., septum 
interorbitale: SOC -- EO., supraoccipital -- epiotic; ST., stapes; TTME., taenia tecti medialis. 
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Its posterior end is forked, the lateral process lying beneath the anterior end of the 
nasolacrimal duct, while the medial process supports the lateral wall of the choana 
for some distance. 

In the posterior two thirds of the capsule the nasal septum is well developed as 
in Mierosaura ventralis but loses height as it passes forwards and disappears in the 
anterior third. In Rampholeon platyceps (Frank, in press) the nasal septum is 
completely flattened over its whole length. In the adult the maxillary processes 
are not attached to the planum antorbitale, but a slender rod of cartilage stretches 
from them to a point very near to the postero-lateral corner of the planum antorbitale 
(Figs. 1 & 2) to which it is attached in the embryo. 


LTA 


PLSUP PLANT 


Figure 2 


Graphic reconstruction of nasal capsules X approx. 17. Ventral view. 


CE., cartilago ectochoanalis; PAI., processus alaris inferior; PLANT., pl i 
) £ SPAT; ; ., planum antorbitale; ; 
septum nasi. Other abbreviations as in previous figure. ë EE 


As a result of the loss of the septomaxillary, the fissura lateralis nasi has become 
obliterated, but for a small foramen at its posterior end through which the duct of 
the lateral nasal gland opens into the nasal cavity. 

This foramen, which originally formed a part of the fenestra narina, is now 
situated far backward and is separated from the latter by a part of the paries nasi 
The Zona annularis passes behind the foramen for the duct of the lateral nasal gland. 
The fusion of the processus alaris superior in front of the nasolacrimal duct forms 
what Malan (1945) described as a '* secondary zona annularis”. 
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THE ORGAN OF JACOBSON AND THE NASAL CAVITIES 


The organ of Jacobson is not a constant structure in the Chamaeleontidae. 
It is completely absent in Chamaeleo betaeniatus hohnelii (Malan 1945), and 
Rampholeon platyceps (Frank, in press). Haas (1937) described for Chamaeleo 
chamaeleo a caecum opening into the oral cavity, which Brock (1941) identified as a 
rudimentary organ of Jacobson. 'The following species possess a fairly well developed 
vomero-nasal organ; Chamaeleo dilepis and Chamaeleo vulgaris (Born, 1887), 
Microsaura ventralis (Brock, 1941) and Microsaura pumila (Malan, 1945). 

The organs of Jacobson in Microsaura are situated exceedingly far forward, in 
front of the nostrils as in Microsaura ventralis (Brock, 1941) and Varanus niloticus 
(Malan, 1945). 'The openings of Jacobsom's organs in the oral cavity are separated 
from the choanae by Fuchs's secondary palate. 'They are situated medially to the 
vestibules instead of lying beneath them as in other lizards and are completely roofed 
over by a cartilaginous capsule which lies between the cupulae anteriores, and. is 
probably part of the lamina transversalis anterior. 

The two cartilaginous plates (Fig. 3) covering the organs dorso-laterally and 
separating them from the vestibules are regarded as parts of the roofing cartilage, 
present in Jguanidae and Sphenodon, that have been laterally displaced (Malan, 1945). 
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Figure 3 


Transverse section through the organ of Jacobson. 
FRC., fontanelle in roofing cartilage; GDS., glandulae dentales superiores; FLS., glandulae 
Jaterales superiores: JO., Jacobsom's organ: MX., maxillary; PMX., premaxillary; RMED.,, 
ramus medialis nasi: SWJO., side wall of Jacobsom's organ; VES., vestibulum; VO., vomer. 
Other abbreviations as in previous figures. 


The ventral edge of this plate bends inwards to form a floor for the lateral part of 
Jacobsom's organ. 'The roofing cartilage of the dorsolateral part of the organ is 
not complete, but is interrupted by a fontanelle on each side (Fig. 3). Similar condi- 
tions occur among the Jguanidae in Uta stansburiana and Sceloporus undulatus 
(Malan 1945). In these forms the fontanelle is covered by the septomaxillary which 
is completely absent in the Chamaeleontidae. Medially the organs of Jacobson are 
bordered by the fused anterior tips of the vomers. 

The position of the organs of Jacobson, i.e. medial to the vestibules instead of 
ventral, together with the reduction of height in the anterior part of the nasal septum: 
can be explained as a result of the feeding habits of these animals. 'The tongue is 
extraordinarily large, and, to accommodate it, the organs of Jacobson have been 
pushed forwards and upwards thus displacing the vestibules laterally. The lamina 
transversalis anterior representing the original anterior part of the capsules has 
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Figure 4 
Transverse section through the olfactory chamber, 
MX., arteria maxillaris: CHF., “ Choanenfalten ”: CHO., ch i 
AU vi ) ) : ., Choanal opening; DN. 
nasolacrimalis; FR., frontal; GPL., glandulae palatinae laterales; GEM. EE 
mediales; GPV., glandulae vomerales posteriores; MS., “ mediale Seitenfalte ”: NA. nasal: 
NOLF., nervus olfactorius; OC, olfactory chamber; PA., palatine; PF. prefrontal; RLAT. 
ramus lateralis nasi; RMX., ramus maxillaris. Other abbreviations as in “previous figures j 
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thus rotated upwards appearing on the dorsal surface between the two cupulae 
anteriores with which it is confluent. Brock (1941) states that the organs of Jacobson 
were pushed forwards in front of the nasal septum, but according to Malan (1945) 
“* the most anterior tip of the fused trabeculae is incorporated into the anterior 
vertical part of the lamina transversalis anterior ”, in a 3-1 cm. embryo of M. pumila. 
With regard to the roofed condition of the organ of Jacobson, the Chamaeleontidae 
together with the Jguanidae stand near to the ancestral type of capsule where 
Jacobson's organ had its own cartilaginous roof. 'This type of capsule also obtains 
in Sphenodon. 

The nostrils are situated laterally and they enter the vestibulum in an obligue 
anterior direction. A blind cavity of the vestibulum lies in front of the external 
nares (Fig. 3). 'The vestibular wall is composed of erectile muscular tissue covered 
by a thin layer of keratinized epithelium. The rest of the nasal cavities, as well as 
Jacobson's organ, is lined with ciliated epithelium. 

The olfactory chamber is situated beneath the posterior end of the vestibule 
so that the posterior end of the latter opens dorso-laterally through a wide open slit 
into the olfactory chamber (Fig. 4). A small blind anterior portion of the olfactory 
Chamber lies between an incurved portion of the paries nasi and the nasal septum 
(Fig. 5). This part of the side wall probably corresponds to Haas's “* pseudoconcha ” 
which Brock regards as paranasal cartilage. 

The opening of the vestibule into the olfactory chamber extends far backwards 
up to a point where the foramen for the duct of the lateral nasal gland is situated in 
the capsule (Fig. 6). 'The choanae lie directly beneath the openings of the vestibules 
into the olfactory chamber so that the inspired air passes directly from the vestibules, 
downwards through the choanae into the oral cavity. 'Thereis no antorbital chamber. 

The ductus nasolacrimalis opens into the anterior end of the choana. Beecker's 
“* Winkeltasche ”, connecting the anterior end of the ductus nasolacrimalis with the 
organ of Jacobson, is absent, as a result of the extensive development of Fuchs's 
secondary palate. 

The choanae are situated in the deep nasal groove which becomes narrower in 
the hinder end of the nasal region and is continued backwards as a deep orbital 
groove. Laterally the choanae are bordered by the choanal folds. They begin 
where the choanae open into the oral cavity and are supported in that region 
by the medial processes of the ectochoanal cartilages (Figs. 4 & 5). In the orbital 
region they become fused to the more laterally situated “* Seitenfalten ”. 


THE ORBITOTEMPORAL REGION 


Gaupp (1900) fully discussed the orbitotemporal region in Lacerta agilis. 
Detailed descriptions were also given by Rice (1920) for Eumeces guinguelineatus, 
and Haffrel (1921) for Platydactylus annularis. Brock (1941) briefly described this 
region in Microsaura ventralis. In the usual Lacertilian type of skull the chondro- 
cranial side wall in this region is represented by a few slender bars of cartilage only. 
In burrowing forms such as Acontias meleagris (de Villiers, 1938), and Monopeltis 
capensis (Kritzinger, 1945), and in the Chamaeleontidae, the process of reduction has 
continued much further. In Microsaura pumila the interorbital septum is pierced 
by a large fenestra septi, which is prolonged backwards dorsally to the anterior part 
of the optic fenestra as in Eumeces guinguelineatus (Rice, 1920). Dorsally the inter- 
orbital septum is continued into the planum supraseptale (Fig. 1), upon which the 
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Figure $ 


Transverse section through nasal capsule to show anterior end of olfactory chamber. 


AOC., anterior end of olfactory chamber; PARTC. parietotectal cartilaee: PNC. paranasal 
cartilage. Other abbreviations as in previous figures. 


anterior parts of the cerebral hemipheres rest. The planum supraseptale consists 
of a posterior portion underlying the brain and an anterior portion fused to the 
postero-lateral surface of the parietotectal cartilages. The nervi olfactorii are fused 
above the part of the septum which bears no planum supraseptale. 

The taenia tecti marginalis is absent as in Microsaura ventralis (Brock, 1941). 
and Rampholeon platyceps (Frank, in press). Of the taenia tecti medialis only the 
part between the postero-ventral corner of the planum supraseptale and the dorsal 
end of the pila metoptica remains. The pila accessoria is continuous with the 
upper end of the latter and its base is pieroed by a small fenestra. A similar structure 
is shown by Brock (1941) (Fig. 3) but not labelled. A small orbitosphenoid is ossified 
in the pila metoptica. This bones is also recorded by Gaupp (1900) in Lacerta 
agilis, du Plessis (1944) in Chamaesaura anguina, and Cordvlus (van Pletzen. 1946). 

The two pilae `metopticae run downward towards each other to form the 
subiculum infundibulum which is continued anteriorly into the cartilago hypochias- 
matica. This is fused to the hinder ventral end of the interorbital septum and so 


ia] 


- 


encloses the optic fenestra. 'The subiculum infundibulum and the cartilago hypo- 
Chiasmatica are not separated from the trabeculae communis, lying beneath them as 
in Lacerta, but are fused to it except for a small fissure beneath the posterior part 
of the cartilago hypochiasmatica. A shallow groove on the lateral surface marks 
the line of demarcation posteriorly. 

In Microsaura pumila, Microsaura ventralis (Brock, 1941), and Rampholeon 
platyceps (Frank, in press), the pila antotica is very inconspicuous, and, as the 
posterior part of the taenia tecti medialis is absent, the fenestra metoptica is confiuent 
with the fenestra prootica, situated between the pila antotica in front, and the 
anterolateral border of the auditory capsule and the prefacial commissure behind. 
Also the fenestra epiotica is open dorsally as a result of the absence of the taenia 
tecti marginalis. 


As usual, all that remain of the fenestra basicranialis anterior are the foramina 


Figure 6 


Transverse section through the posterior part of the nasal capsule. 


GILN., glandula “lateralis nasi; PDMX., processus dorsalis of maxillary; PMXP., processus 
maxillaris of palatine. Other abbreviations as in previous figures. 
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through which the cerebral arteries of the internal carotids enter the cranial cavity. 
The basitrabecular processes are well developed and their anterior ends are 
flattened out into broad plates. 


THE AUDITORY CAPSULE, OCCIPITAL REGION AND CRANIAL BASE 


The auditory capsule is formed by the usual bony elements joined by thin 
cartilaginous strips. The anterior and ventral portion is formed by the prootic, 
which bears on its lateral surface the anterior part of the crista parotica. Postero- 
medially, the supraoccipital takes part in the formation of the capsular wall (Fig. 4) 
According to Haas (1936), the epiotic may be fused to the supraoccipital. Latero- 
dorsally, and behind the prootic, the fused exoccipital-opisthoticum lie dorsally to 
the fenestra ovalis. 'They form the posterior part of the crista parotica, to which 
the processus paroticus is fused. 


NHYP 


Figure 7 


Transverse section through the occipital region. 


EXO., exoccipital; NHYP., nervus hypoglossus: NV -— AC.. n i 
” ” LE ies ” sy NETV FR 
tabular. Other abbreviations as in previous figures. die REEN 
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The terms “' crista parotica ” and “' processus paroticus ” have been used in a 
different sense by various authors. Gaupp (1900, p. 462) states about the condition 
in Lacerta agilis: “ Als Processus paroticus wurde oben ein Fortsatz bezeichnet, der 
sich mit der Prominentia semicircularis Zusammenhingende Crista parotica ansch- 
liesst uns spitz schnabelfërmig nach vorn hin vorspringt”. Versluys (1903) 
considered Gaupp's processus paroticus as synonymous with his crista parotica. 
The processus paroticus of Gaupp he termed intercalare or processus dorsalis. 
Rice (1920) pointed out this difference in terminology. Recent authors like Goodrich 
(1930) used Versluys's names, while de Beer (1937) used Gaupp's original terminology, 
Which should have priority. 

Four foramina acustica pierce the medial capsular wall. In Lacerta there are 
only two. Situated postero-ventral to them in the wall of the cavum cochleare is 
the foramen perilymphaticum, through which the ductus perilymphaticus emerges 
into the cranial cavity. ln this strip of cartilage between the prootic and the 
exoccipital, the foramen endolymphaticum lies dorsally to, and in the same transverse 
line as, the most posterior of the foramina acustica. 'The large foramen ovale, in 
which the footplate of the stapes lies, pierces the postero-lateral wall of the cavum 
os between the prootic and opisthotic dorsally, and the prootic ventrally 

Fig. 8). 

The columella auris is reduced, and the tympanic cavity, tympanum, and 
Eustachian tube are absent. In Microsaura ventralis (Brock, 1941) a vestige of the 
tympanic cavity still communicates with the oral cavity. Versluys (1898) described 
a well-developed middle-ear for Chamaeleo vulgaris. A small bony stapes and a 
greatly simplified cartilaginous extracolumellare are the only remains of the columella 
auris, which is directed antero-laterally and downwards, its distal end embedded 
between the musculus depressor mandibulae externus and internus. In Rampholeon 
platyceps (Frank, in press) the process of reduction is carried much further; 
only a small nodule of cartilage, probably a remnant of the extracolumellare, remains. 
Versluys (1898) described for Chamaeleo vulgaris and Draco volans a syndesmotic 
connection between the stapes and the extracolumellare as an intermediate type 
between the primitive condition of an articular joint between the two elements, 
and the specialized condition where they are rigidly connected. In Microsaura 
pumila the latter type obtains. 'The presence of a tympanic membrane has never been 
recorded for any chamaeleon, and Versluys (1889) suggested that its absence might 
be the result of the fact that the distal end of the extracolumellare no longer lies 
against the skin. 

A glandular vascular mass of tissue lies in the same position as does the 
Eustachian tube in Chamaeleo vulgaris (Versluys,. 1889) i.e. between the posterior 
part of the musculus protractor pterygoideus and the depressor mandibulae. 'The 
nerves and blood-vessels of the tympanic region have the same relations as in other 
lacertilians. From the ganglion geniculatum, the main branch of the facialis, the 
hyomandibular, passes backward dorsal to the stapes and gives off the chorda tympani 
which crosses over the stapes in an antero-lateral direction. The carotid artery 
as well as the ramus cCommunicans internus of the facial nerve are situated ventrally 
to the columella auris, while the vena capitis lateralis and the stapedial artery occupy 
a dorsal position. 'The nervus glossopharyngeus emerges through a foramen im 
the prootic. About the course of the glossopharyngial in the Chamaeleontidae, 
Versluys (1898, p. 259) states : “ Eine dussere Oeffnung eines Recessus scalae 
tympani fehlt : an seiner gewohnlichen Stelle findet sich nur das sehr kleine loch 
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d j ili durch die 4dussere Miindung 
fir den Glossopharyngeus der bei der Lacertiliern stets 

des Recessus Re Es ”. Further backwards the vagus and spinal accessory nerves 
leave the cranial cavity through a single foramen just antero-lateral to the foramen 
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Transverse section through the auditory capsule in the region of the foramen ovale. 
ACI., arteria carotis interna; CHT., chorda tympani; MAE., musculus adductor externus; MDM., 
musculus depressor mandibulae; NAC., nervus acusticus; PAR., parietal; POO., postorbital; 
PPP., posterior prolongations of the parasphenoid; RCEX., ramus communicans externus; RCIN., 


ramus communicans internus; SOU., sguamosal; VCL,., vena capitis lateralis. Other abbreviations 
as in previous figures. 
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for the hypoglossus. The two foramina become confiuent in the capsular wall and 
appear on the outside as a single foramen (Fig. 7). 

In the occipital region the usual ossifications are. present, the basioccipital 

forming the ventral, the exoccipital the dorsal, borders of the foramen magnum. 
The medial part of the occipital condyle is formed by the basioccipital, and the lateral 
parts by the exoccipitals. Dorsally the supraoccipital has a longitudinal spina 
supraoccipitalis, the dorsal edge of which fits into a groove on the ventral surface 
of the fused parietals. Anteriorly the spina supraoccipitalis bears the cartilaginous 
processus anterior tecti (de Beer, 1937) (Fig. 1). 'The large size of the spina supra- 
occipitalis and processus anterior tecti can apparently be correlated with backward 
extension of the parietals. 
The posterior part of the basal plate is formed by the basioccipital. Laterally 
it is separated from the base of the auditory capsule by a cartilaginous zone. ts 
posterio-lateral corner forms the medio-ventral portion of the tuberculum 
sphenoccipitale, the lateral being formed by the posterior end of the prootic as in 
Gerrhosaurus (Malan, 1940). 'The fenestra basicranialis posterior is bordered 
posteriorly by the basioccipital, anteriorly by the sphenoid (basisphenoid plus part 
of the parasphenoid), and laterally by the two backwardly directed flanges of the 
parasphenoid (Fig. 11). The antero-lateral corner of the basal plate bears a short 
pila antotica. The base of the latter, above the foramen for the abducens, is ossified, 
while the dorsal part remains cartilaginous (Fig. 9). As the abducens foramen 
normally pierces the base of the pila antotica, the ossification dorsal to this foramen 
probably represents a pleurosphenoid, although no suture is present between this 
ossification and the basisphenoid. 

The parasphenoid has no processus cultriformis and the entire middle portion 
is fused on to the ventral side of the basisphenoid to form the sphenoid. Between 
them there remains on either side the parabasal canal transmitting the carotid arteries 
and the rami palatini (Fig. 9). In the canal each carotid artery gives off the arteria 
carotis cerebralis, which enters the cranial cavity, while the other branch, the arteria 
palatino-nasalis, accompanies part of the nervus palatinus out of the canal. Versluys 
(1898) states that in Chamaeleo vulgaris the course of the ramus palatinus is dorsal 
to the basitrabecular process and not through the parabasal canal. In Microsaura 
pumila the ramus palatinus divides into two branches (Fig. 9), one following a course 
similar to that of the entire nerve in Chamaeleo vulgaris, while the other accompanies 
the carotid artery through the parabasal canal. In front of the canal the two branches 
again unite. 

The abducens nerve has its normal course through a canal piercing the base of 
the pila antotica (Fig. 10). The facialis emerges as usual through the facial foramen 
beneath the anterior end of the auditory. capsule. 


MEMBRANE BONES 


The premaxillaries are fused like that of most lacertilians except the Scincidae 
and some Geckonidae (Camp, 1925). 'They do not participate in forming the narial 
openings, but are wedged between the maxillaries. The palatal process of each 
is small, while the processus nasalis is elongated extremely far backwards, extending 
for some distance behind the foramen olfactorium. 'The anterior part of this process 
lies between the maxillaries, and the posterior part lies in a groove on the dorsal 
surface of the nasal capsule, and ends between the diverging posterior tips of the 
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PAR 


PT MM 
Figure 9 
Transverse section in the region of the pila antotica, 


ACC., arteria carotis cerebralis; AR., articular; BP., basisphenoid -- parasphenoid (sphenoid): 
GGAS., ganglion Gasseri; GM., glandular mass; MPP., musculus protractor pterygoideus; NAB., 
nervus abducens; NT., nervus trochlearis; RPL., rami palatina; PT., pterygoid. Other abbrevia- 
tions as in previous figures. 
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fused nasals beneath the anterior end of the frontals (Fig. 4). Unlike the condition 
in Lacerta, the premaxillaries are not pierced by the foramina apicalia. AS a result 
of the reduction in height of the nasal capsule in the region of the cupulae anteriores, 
they were pushed out sideways by the capsule of Jacobson's organ, so that they now 
lie beneath the maxillaries. The premaxillaries bear no teeth in Mierosaura pumila, 
and apparently this is the condition in other chamaeleons, except Rampholeon 
platyceps (Frank in press) where two small teeth are present. 

The nasal apertures are bounded by the maxillaries except dorsally. Situated 
immediately behind the opening is the precessus dorsalis of the maxillary fitting into 
a groove on the ventral surface of the prefrontal (Figs. 4 & 5). A medial extension 
of the maxillary, the processus palatinus ossis maxillaris, is syndesmotically joined 
to the ventral surface of the processus maxillaris of the palatine. Tt also underlies 
the lateral edge of the lamina transversalis anterior, the processus maxillaris, and the 
anterior end of the ductus nasolacrimalis. The maxillary is the only teeth-bearing 
element in the upper jaw and the teeth are hyperacrodant as in the Agamidae and 
Rhynchocephalia (Camp, 1923). Posteriorly the anterior portion of the jugal forms 
a sutural connection with the dorsal surface of the maxillary, while the transversum 
projects in between them from the medial side. 

The lacrimal is absent as in Microsaura ventralis (Brock, 1941) Rampholeon 
platyceps (Frank, in press), Chamaeleon brevicornis and lateralis (Methuen & Hewitt, 
1913), and the genus Brookesia (Camp, 1923, guoting Siebenrock 1893). It is 
present in Chamaeleo gracilis (Camp, 1923), Chamaeleog vulgaris and Chamaeleo 
pumilus (Parker, 1881). The nasals situated on the dorsal surface of the posterior 
part of the nasal capsules and the anterior part of the interorbital septum are fused 
as in the Varanidae, Uroplatidae, and *Aigialosauridae, and * Mosasauridae, Feyliniidae 
and the chamaeleon Brookesia (Camp, 1923), but unlike the condition in the latter 
(Methuen & Hewitt, 1913) they do not bound the nasal opening (Fig. 10). 'The 
anterior tips of the nasals lie laterally to the fused processus nasalis of the 
premaxillaries and beneath the posterior edges of the maxillaries. More posterior 
they become united (Fig. 5) and increase to their maximum width. Posteriorly the 
width rapidly diminishes and the bone splits into two diverging flanges ending beneath 
the anterior end of the fused frontals (Fig. 6). The ventral surface bears a deep 
longitudinal groove in which lie the fused processus nasalis of the premaxillaries. 
The fissure between the posterior flanges is continued into a short longitudinal groove 
on the dorsal surface indicating the line of fusion between the two nasals. 

The fused frontals lie dorsally to the posterior parts of the nasal capsules, the 
interorbital septum, and the anterior part of the brain. A small vertical septum 
between the two posterior flanges of the nasals, dorsal to the fused posterior ends of 
the processus nasalis of the premaxillaries, is the first part of the frontals to be observed 
in section (Fig. 6). Anteriorly the lateral edges of the frontals are overlapped by the 
prefrontals, but further back the opposite occurs. 'The thickened lateral edge of the 
frontal borders the orbit between the posterior end of the prefrontal and the anterior 
end of the postorbital. A small process of the frontal extends downwards on the 
medial surface of the postorbital. The posterior edge of the fused frontals overlaps 
the fused parietals in the frontoparietal suture. df 

The pineal foramen is T-shaped and lies in the frontoparietal suture. According 
to Camp (1923), this is the usual condition in RAhiptoglossa (Chamaeleontidae. and 
Jguanidae). Camp ascribes this peculiar position of the foramen to a posterior 
constriction of the elements enclosing it. In Chamaeleo and Brookesia it lies entirely 
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Figure 10 


Graphic reconstruction of skull X approx. 11. Dorsal view. 
AC., auditory capsule; JU., jugal; PARF., parietal foramen. Other abbreviations as in previous 
figures. 
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in the frontal (Camp, 1923, guoting Siebenrock, 1893). A vestige of the pineal 
eye can be detected in the anterior portion of the foramen bordered by the frontal. 

The large “ casgue ” (Gadow, 1901), formed by the compressed and elongated 
parietals, extending far beyond the occipital region, is the most conspicuous feature 
of the chamaeleon skull. Antero-laterally the parietals begin as a process on each 
side, sgueezed in between the frontal medially and the postfrontal laterally. The 
lateral edge borders the superior temporal fossa dorsally (Fig. 10). In the posterior 
part of the auditory region, the parietal has a postero-lateral process that forms a 
sutural connection with the medial surface of the sguamosal. According to Camp 
(1923), the postero-lateral process is apparently found only in the pumilus group of 
the genus Chamaeleo (Microsaura). lt is also found in Brookesia superciliaris 
(Camp, 1923), but it is completely absent in Rampholeon plateyceps (Frank, in press). 
The thickened lateral edge of the parietal serves as a place of attachment for the 
musculus adductor mandibulae (Fig. $). In the occipital region, the surface of 
insertion is increased medially, and behind the supraoccipital crest, the muscles 
insert on the whole ventral surface of the elongated parietals. On the ventral surface 
of the parietals is a deep longitudinal groove into which fits the dorsal edge of the 
spina supraoccipitalis. The space between the two bones is filled with dense 
connective tissue. . 

A considerable amount of confusion existed in the past as regards the nature of 
the chamaeleon vomer. 'This was most probably due to the fact that the observations 
were made from macerated skulls, and as such could not be very trustworthy. The 
vomers of Microsaura pumila are definitely paired for the greater part of their length 
(Fig. 11). Only anteriorly are they fused into a vertical septum lying between the 
organs of Jacobson (Fig. 3), and forming a sutural connection with the maxillary in 
front. Anteriorly the palatine is joined to the dorsal surface of the vomer. Laterally 
it broadens out into a processus maxillaris. In the region of this process the medial 
edges of the palatines lie medially to the choanal openings, while the posterior parts 
separate the choanae situated in the nasal groove from the orbital groove. Van 
Pletzen (1946) described for Cordylus strips of connective tissue connecting the dorsal 
side of the palatine to a ventral flange of the.frontal. In Microsaura pumila the 
connexion is between the palatine and the prefrontal. 

The shape of the pterygoid is another extraordinary feature of the chamaeleon 
skull. Its lateral edge bears a large downward expansion, and this portion provides 
a place of attachment for the protractor pterygoideus and the pterygoideus division 
of the adductor internus muscles. Anteriorly, the pterygoid forms a sutural connect- 
tion with the ventral surface of the palantine, and laterally, with the transversum. 
Medially it is applied to the basitrabecular process, and a cartilaginous continuity 
exists between the meniscus pterygoideus and the cartilage covering the end of the 
basitrabecular process (Fig. 12). As in Lacertilia generally, the pterygoid is separated 
from the guadrate, so that the fenestra basitemporalis (van der Klaaw, 1947) is not 
closed posteriorly. 'The ligamentous connection existing between the two elements 
in other lizards is very much reduced. 'The transversum forms a sutural connection 
with the pterygoid medially, and with the maxillary and jugal laterally. It also has 
a ventrally directed process lying against the antero-lateral surface of the pterygoid. 

The lacrimal being absent, the only elements bounding the orbit anteriorly are 
the maxillary and the prefrontal. Anteriorly the prefrontal overlies the postero- 
lateral surface of the nasal capsule. Its medial edge is not in contact with the nasal 
and bears a deep groove in which fits the processus dorsalis of the maxillary. The 
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Figure II 


Graphic reconstruction of skull X approx. 11. Ventral view. 


BTP., basitrabecular process; EXTC., extracolumella; FOV., foramen ovale; FVAH., foramen for 
vagus, accessory and hypoglossal nerves; TRV., transversum. Other abbrevjations as in previous 
figures. 
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prefrontal borders of the orbit for some distance, but further back it shifts in under 
the frontal, and all that remains of it is a thin horizontal plate underlying this bone. 
In Microsaura and Rampholeon the prefrontal is not in contact with the postorbital, 
as in Chamaeleo where they meet to form the upper boundary of the orbit 
(Fitzimons, 1943). 'The ductus nasolacrimalis enters the orbit just behind the pro- 
cessus dorsalis of the maxillary, passing beneath a ventral spur of the prefrontaland * 
over the maxillary. 

The jugal, together with the posterior part of the maxillary and an anteriorly 
directed part of the postorbital, encloses the orbit ventrally. Anteriorly the jugal 
lies in a groove on the maxillary, while the postorbital overlies its posterior end. 
Medially it is joined to the transversum. Posteriorly the orbit is separated from the 
Superior temporal fossa by the postorbital, forming a suture with the frontal and 
parietal above and with the jugal and transversum below. A posteriorly directed 
process, together with the sguamosal, forms the superior temporal fossa ventrally 
(Fig. 10). The anterior tip of the sguamosal fits into a groove on the ventral surface 
of the postorbital. Some of the fibres of the musculus adductor externus insert 
on the strip of the postorbital lying against the parietal, while the rest are attached to 
the temporal arch and parietal (Fig. 9). 

The Chamaeleon has a well developed upper temporal fossa, as in the ZJguanidae, 
Agamidae, Teiidae and Varanidae (Broom, 1935). It is enclosed posteriorly by the 
Sduamosal and the descending process of the parietal. Broom (1925) described the 
orbitotemporal region of what was then called Chamaeleon pumilus, and the relations 
of the sguamosal and parietal caused him to put the pumilus group under Gray's 
genus Lophosaura (Microsaura). In Chamaeleo guilensis (Broom, 1925) the parietal 
is narrow and the sguamosals meet above the parietal crest, while in Chamaeleon 
(Microsaura) pumilus (Broom, 1925) the parietal is broad and sends down a process 
which meets the sguamosal. 

The base of the sguamosal (Fig. 10) overlies the upper end of the guadrate 
behind the “* pedicle ” (Parker, 1881), but more posteriorly the tabular is wedged 
in between them, separating the sguamosal from the posterior part of the guadrate 
and the processus paroticus. According to Broom, the tabular is entirely a bone of 
the occiput and takes no part in the temporal arch, no fibres of the musculus adductor 
externus being attached to it. In Microsaura pumila the tabular ossification invades 
the cartilaginous dorsal surface of the guadrate. 


OUADRATE AND EPIPTERYGOID 


The guadrate of Microsaura pumila is mot situated vertically as in other 
chamaeleons, but Jeans forward at an angle of about 45 degrees. The lower end is 
expanded to form an articulating joint for the lower jaw. 'The lateral lamella is 
guite well developed. Dorsally the guadrate bears two processes, an anterior 
“ pedicle ” (Parker, 1881) abutting against the anterior part of the crista parotica 
(Fig. $), and a posterior process lying against the processus paroticus (intercalary). 
The tabular ossification invades the dorsal surface of the posterior process. 'There 
is no trace of a synovial cavity and all the elements are rigidly bound together by 
connective tissue. 

Versluys (1912) described the condition of the guadrate in Chamaeleo to be 
streptostylic and stated that it possesses a well developed joint with the membrane 
bones of the skull. Since in Chkamaeleo the kinesis is-greatly reduced, he regarded 
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the streptostylism as of a special type. “* Die Chamaeleontia sind also streptostyl 
und zwar in einer ganz speziellen Form, unter Reduction der Beweglichkeit des 
Gaumens und der Hebung des Oberkiefers ” (Versluys, 1912, p. 638). Brock (1941) 
found the streptostylic condition in the otherwise akinetic Microsaura ventralis. 
In Microsaura pumila the guadrate is completely fused to an element of the temporal 
region (tabular) which would render any movement of the guadrate impossible. 

The absence of an epipterygoid is a constant characteristic throughout the 
Chamaeleontidae and is probably caused by the loss of kinetism. In the 6:5 mm. 
embryo of Microsaura ventralis, Brock (1941) could detect a rudiment of the epiptery- 
goid situated on the meniscus pterygoideus cartilage. 


CRANIAL KINESIS 


Versluys in “ Das Streptostylie-Problem ” (1912, p. 637) gives the following 
account of the condition in the Chamaeleon skull. “Der Schidel dieser abweichen- 
den Lacertilier ist entweder ganz starr (z.B. bei Brookesia) oder es sind doch nur 
Ee Reste der ursprunglichen Beweglichkeit (des metakinetischen Zustandes) 
erhalten.” 


BTP 


MM 


Figure 12 


Transverse section through basitrabecular joint. 
MPT., meniscus pterygoideus cartilage. Other abbreviations as in previous figures 
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In Microsaura pumila the normal lacertilian condition exists in the relations of 
the pterygoid to the basitrabecular process, with the exception that the elements are 
no longer capable of movement against each other as a result of a continuity between 
the meniscus pterygoideus cartilage and the cartilage covering the distal end of the 
basitrabecular process (Fig. 12). Brock (1941) found the same condition in 
Microsaura ventralis. In Microsaura pumila this fusion could only be seen on one 
side in the series of sections, while on the other side the elements were distinctly 
separated. 

In Chamaeleo spectrum Versluys (1912) found that the pterygoid may still be 
able to move against the basitrabecular process. There is, however, no articulating 
joint in the roof of the skull, but the roofing bones are very thin and capable of being 
bent. In Microsaura pumila the skull roof is very thick and the syndesmotic attach- 
ment of the parietal to the spina occipitalis, as well as of the sguamosal and tabular 
to the auditory capsule, is very dense and strong, so that kinetism of any kind would 
be impossible. 


GLANDS OF THE BUCCAL CAVITY 


Fahrenholz (1937) merely mentioned the glands in the oral cavity of. the 
Rhiptoglossa, taking Chamaeleo vulgaris as his example. The conditions in 
Microsaura pumila correspond more or less to those in Chamaeleo vulgaris. 

The glandulae labiales inferiores are situated along the whole length of the lower 
lip. Medially to them, and opening into a groove along the outside of the teeth, 
are the glandulae dentales. On the floor of the mouth, just behind the symphysis 
of the lower jaw, and in front of the tongue, the glandulae mandibulares lie in two 
longitudinal folds and open into a groove between them. As in Cordylus (van 
Pletzen, 1946) the glands of the two sides show a tendency to fuse in the midline. 
The glandulae mandibulares laterales are guite inconspicuous little glands scattered 
on the side wall of the oral cavity between the teethrow and the tongue. Glandulae 
vomerales anteriores are absent but glandulae vomerales are present on the “* Vomer- 
polster ” (Fuchs, 1908) (Figs. 4, 5 and 6). 

As Fahrenholz had already observed, the glandulae palatinae can be incompletely 
separated into a medial and a lateral group. 'This distinction can first be observed 
at the beginning of Fuchs's “* Choanenfalten ”, upon which the medial glands are 
situated (Fig. 5). Glandulae spheno-pterygoideae are absent, but are present in 
Chamaeleo vulgaris (Fahrenholz, 1937). To my knowledge, glandulae crico-arytenoi- 
deae are absent in all chamaeleons. 

The great accumulation of glands on the “* tongue knob ” (Zoond 1932) can be 
correlated with the feeding habits of the animal. On the anterior tip both glandulae 
linguales superiores and glandulae inferiores are present, but further back the 
inferiores disappear. 


LOWER JAW 


The phenomenum of reduction in the number of membrane bones in the 
chamaeleon skull is also noticable in the lower jaw. 'The splenial, which is well 
developed in other lizards, is absent in the Chamaeleontidae, and small or absent in 
the related Agamidae (Camp, 1925). 'The absence of the splenial results in the 
fact that the sulcus premordialis is open, except posteriorly where it is enclosed 
medially by a ventrally directed process of the coronoid (Fig. 13). 
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Figure 13 


Graphic reconstruction of lower jaw X approx. 11. Medial aspect. 


AN., angular; AR 4 SAN., articular -4- surangular; CO, coronoid; DE, dentary; FERT.. 
foramina for entrance and exit of chorda tympani; GO., gonial (prearticular); LS., lamina symphy- 
seos; MC., Meckel's cartilage; SAN., surangular. Other abbreviations as in previous figures. 


The two dentaries are rigidly connected by dense connective tissue anteriorly 
to the lamina symphyseos between the cartilages of Meckel. The sharply pointed 
conical teeth are borne by the dentary. A small angular underlies the cartilage of 
Meckel for some distance, but it is soon pushed out by the lower fork of the gonial, 
so that Meckel's cartilage lies in a groove on the dorsal surface of the latter. 
Posteriorly the gonial is fused to the articular, which in its turn is fused to the 
surangular, as in Brookesia (Camp, 1923). A retroarticular process is absent as in 
Microsaura ventralis (Brock, 1941), some Chelonia; the Amphisbaenidae, and some 
snakes (Versluys, 1912). A well developed coronoid serves as a place of attachment 
for the musculus adductor mandibulae. 

The course followed by the chorda tympani is interesting. It enters the jaw 
through a foramen in the gonial-articular, and emerges through another foramen in 
the gonial, anteriorly and ventrally to the first. Together with the ramus mandibularis 
and the mandibular artery, the chorda tympani enters the canalis premordialis. 
The anterior part of the ramus mandibularis, the nervus alveolaris inferior, lies in 
the canalis alveolaris inferior, and leaves the dentary through the foramina dento- 
faciali. A foramen nervi mylohyoideus in the angular, and the foramina nervi 
alveolaris inferior piercing the splenial in Lacerta (Versluys, 1912), are absent, and 
the nerves emerge through the open sulcus premordiales. 


SUMMARY 


The ethmoidal region forms an angle with the orbitotemporal region. 

The roof and side walls of the nasal capsules are complete except for nerve 
foramina. 

Paraseptal cartilages and a concha nasalis are absent. 

Sphenethmoidal commissures are absent. 

The organs of Jacobson do not open into the choanae butare separated from them 
by Fuchs” “* secondary palate ”. 

Jacobson's organ has its own cartilaginous roof as in Sphenodon. 


The anterior and posterior maxillary processes are separated from the nasal 
capsule. 


ES RA HAT 
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The chondrocranial sidewall of the skull is greatly reduced in the orbitotemporal 
region. 
A small orbitosphenoid is ossified in the pila metoptica. 


. An epipterygoid is absent, probably as a result of the akinetism of the skull. 
.A small ossification in the base of the pila antotica, dorsal to the foramen for 


the abducens nerve, probably represents a pleurosphenoid. 


. Four foramina acustica are present. 
. The spina occipitalis and the processus anterior tecti are very large. 
. A recessus scalae tympani is absent and the glossapharyngeal nerve emerges 


through a small foramen of its own. 


: The vagus, spinal accessory, and hypoglossus nerves emerge through a single 


foramen on the outer surface of the skull. 
he sound-conducting apparatus is reduced and the tympanum, tympanic cavity, 
and Eustachian tube are absent. 


. The premaxillaries, nasals, frontals, and parietals, are fused in the midline. 
..The parietals are compressed and elongated backwards forming a large “* casgue ”. 
. The pineal foramen is T-shaped and lies in the frontoparietal suture. 

. The septomaxillary and lacrimal are absent. 

. The vomers are fused anteriorly where they lie between the organs of Jacobson. 
. There is no cranial kinesis. 'The metakinetic joint is obliterated, and there is a 


continuity between the meniscus pterygoideus cartilage and that covering the 
end of the basitrabecular process. 


. The guadrate is monimostylic and its dorsal end is invaded by the tabular ossifica- 


tion. 


. In the buccal cavity, glandulae spheno-pterygoideae and cricoarytenoideae are 


absent. 


. The splenial is absent in the lower jaw, with the result that the sulcus primordialis 


is open along its whole length except posteriorly where it is enclosed by a ventral 
process of the coronoid. 
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COMPLETE LIST OF ABBREVIATIONS 


AC — auditory capsule 

ACI — arteria carotis interna 

ACC — arteria carotis cerebralis 

AMOS — arteria maxillaris 

AN — angular 

AOC — anterior end of olfactory chamber 
AR — articular 

AR 4 SAN — articular 4 surangular 

BOC — basioccipital 

BP — basisphenoid -- parasphenoid (sphenoid) 
BTP — basitrabecular process 
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CA 
CE 
CHEF 
CHO 
CHT 
CO 


DE 
DNL 


EXO 
EXTG 


EA 
FAB 
FACC 
FBAS 
EGHT 
FDLN 
FEN 
FEA 
FOLF 
FOV 
FERM 
FR 
FRC 
FS 
FVAH 


GDS 
GGAS 
GLS 
GO 
GPL 
GPM 
GLN 
GM 
GYVP 


JO 
JU 


LTA 
LS 
MAE 
MC 
MDM 
MPP 
MPT 
MS 
MX 


NA 
NAB 


— cupula arterior 
cartilago ectochoanalis 
“ Choanenfalten ” 
choanal opening 
chorda tympani 
coronoid 


N UIE 


foramen apicale 

foramen for abducens nerve 

foramen for arteria carotis cerebralis 

fenestra basicranialis posterior 

foramen for entrance and exit of chorda tympani 
— foramen for duct of lateral nasal gland 

— foramen endolymphaticum 

— foramen faciale 

— fenestra olfactoria 

— foramen ovale 

— foramen ramus medialis 

— frontal 

— frontanelle in roofing cartilage 

— fossa subarcuata 

— foramen for vagus, accessory and hypoglossal nerves 


— glandulae dentales superiores 
ganglion Gasseri 

glandulae laterales superiores 
— gonial (prearticular) 

— glandulae palatinae lateralis 

— glandulae palatinae mediales 
glandulae lateralis nasi 
glandular mass 

— glandulae vomerales posteriores 


— Jacobsoms organ 

— jugal 

— lamina transversalis anterior 

— lamina symphyseos 

— musculus adductor externus 

— Meckel's cartilage 

— musculus depressor mandibulae 
— musculus protractor pterygoideus 
— meniscus pterygoideus 

— “ mediale Seitenfalte ” 

— maxillary 


— nasal 
— nervus abducens $ 


IERE IE 


II 


II 
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NAC — nervus acusticus 


NHYP — nervus hypoglossus 

NOLF — nervus olfactorius 

NT — nervus trochlearis 

NV HAC — nervus vagus and accessorius 
OC — olfactory chamber 

ORBNC -— orbitonasal canal 

PAC — pila accessoria 

PAI — processus alaris inferior 

PAL — palatine 

PANT — pila antotica 

PAR — parietal 

PARF — parietal foramen 

PARTC — parietotectal cartilage 

PAT — processus anterior tecti 

PBPT — processus basipterygoideus 
PDMX — processus dorsalis of maxillary 
PF — prefrontal 

PLANT — planum antorbitale 

PISEIP — planum supraseptale 

PM — pila metoptica 

PMA — processus maxillaris anterior 
PMP — processus maxillaris posterior 
PMX — premaxillary 

PMXP — processus maxillaris of palatine 
PNC — paranasal cartilage 

POO — postorbital 

PPA — processus paroticus (intercalary) 
PPP — posterior prolongations of parasphenoid 
POUA: — “ pedicle ” of guadrate 

PRO — prootic 

PT — pterygoid 

OUA — guadrate 

RMX — tamus maxillaris 

RMED — ramus medialis nasi 

RCEX — Tamus communicans externus e 
RCIN — ramus communicans internus 
RLAT — ramus lateralis nasi 

RPL — fami palatina 

SAN — surangular 

SI — septum interorbitale 

SN — septum nasi 

SOC -- EO — supraoccipital - epiotic 

SOU — Sguamosal 

ST — stapes 

SWJO — side wall of Jacobsoms organ 
TAB — tabular 
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TRY — transversum 


TIME — taenia tecti medialis 
VCL — vena capitis lateralis 
VES — vestibulum 

VO — vomer 
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